Lower reproductive tract infections (RTIs) in women are common in clinical medicine and are one of the most significant causes of morbidity. These infections are caused by microorganisms and are divided into the following 2 main groups: sexually transmitted infections (STIs) and the overgrowth of vaginal flora. 1 Most new cases of the 3 main STIs (Chlamydia trachomatis [CT], Neisseria gonorrhoeae [NG], and Trichomonas vaginalis [TV]) -globally estimated as 250 million cases annually among women of reproductive age -occur in low-or middle-income countries (LMIC). 2 However, endogenous infections such as vulvovaginal candidiasis and bacterial vaginosis (BV) remain the most frequent RTIs. 3 RTIs are not only a cause of acute morbidity but can also lead to complications and sequelae, including pelvic inflammatory diseases (PIDs), chronic pelvic pain, spontaneous abortion, stillbirth, low birth weight, neonatal infections, and infertility. 4 The prevalence of lower RTIs varies across the world and is influenced by the population's sexual behaviours and age as well as other socioeconomic factors. 1 Thus, obtaining data at the local level, including the prevalence of RTIs and associated risk factors, is an important step in improving the prevention and management of these infections and is further useful in evaluating the effectiveness of interventions. 4 A couple of studies were recently conducted in the city of Dakar to determine the prevalence of lower genital tract infections among women. 5, 6 However, both studies were retrospective analyses of pre-existing laboratory data, which limits the representativeness of the population and the accuracy of the estimated parameters, given that syndromic management of genital infections is encouraged and widely used in this city. 
Introduction
Lower reproductive tract infections (RTIs) in women are common in clinical medicine and are one of the most significant causes of morbidity. These infections are caused by microorganisms and are divided into the following 2 main groups: sexually transmitted infections (STIs) and the overgrowth of vaginal flora. 1 Most new cases of the 3 main STIs (Chlamydia trachomatis [CT] , Neisseria gonorrhoeae [NG] , and Trichomonas vaginalis [TV] ) -globally estimated as 250 million cases annually among women of reproductive age -occur in low-or middle-income countries (LMIC). 2 However, endogenous infections such as vulvovaginal candidiasis and bacterial vaginosis (BV) remain the most frequent RTIs. 3 RTIs are not only a cause of acute morbidity but can also lead to complications and sequelae, including pelvic inflammatory diseases (PIDs), chronic pelvic pain, spontaneous abortion, stillbirth, low birth weight, neonatal infections, and infertility. 4 The prevalence of lower RTIs varies across the world and is influenced by the population's sexual behaviours and age as well as other socioeconomic factors. 1 Thus, obtaining data at the local level, including the prevalence of RTIs and associated risk factors, is an important step in improving the prevention and management of these infections and is further useful in evaluating the effectiveness of interventions. 4 A couple of studies were recently conducted in the city of Dakar to determine the prevalence of lower genital tract infections among women. 5, 6 However, both studies were retrospective analyses of pre-existing laboratory data, which limits the representativeness of the population and the accuracy of the estimated parameters, given that syndromic management of genital infections is encouraged and widely used in this city. 2 
Infectious Diseases: Research and Treatment
Therefore, the main objective of this study was to establish the laboratory-based prevalence of symptomatic lower genital tract infections among women and to identify the associated risk factors.
Materials and Methods

Study design and sample size
This observational prospective cross-sectional study was conducted at the gynaecological outpatient services of health care facilities in Dakar, Senegal. A precision-based sample size calculation with 95% confidence interval (CI) was used in this study. 7 A table of the sample size needed for different prevalence levels indicated that a sample of 260 women was adequate as a minimum number to ensure an acceptable precision to describe the observed prevalence between 10% and 90% (the precision of the estimation varied from 3.6% to 6.1%). However, giving the possible voluntary withdrawal, the number of patients to be recruited was set at 300.
Site and patient selection
In Dakar, midwives are the first point of contact for women presenting with vaginal symptoms, and therefore, they ensure examination and treatment of patients. They were the only eligible study's investigators. Thus, site selection was based on the role of midwives as the main providers of health services to women with genital symptoms. Six public health care facilities were selected including 2 hospitals and 4 primary health centres.
Among the 5 existing hospitals in Dakar, 2 declined to participate because the health care providers were not willing to send samples outside their own laboratory. Another hospital was excluded as midwives were not the main health providers for women presenting with genital symptoms. Of the 9 primary health centres located in Dakar, 4 were selected based on the high proportion of patients with gynaecologic symptoms who were managed by midwives in 2015.
From July to November 2015, all new patients presenting at the study centres complaining of genital symptoms were screened for their eligibility. Consecutive patients at each study site who met the inclusion criteria were enrolled. A patient was eligible if she met the following 3 criteria: being between 18 and 49 years of age; having symptoms of vaginal discharge, irritation/itching, burning, dyspareunia, or bleeding between menses/during sexual intercourse; and having consented voluntarily to participating in the study. Patients were excluded if they were pregnant or menstruating, reported using antibiotics or vaginal douches within the last 15 days, were commercial sex workers, had gynaecological surgery indications, or had symptoms indicating the development of PID, including spontaneous pelvic pain or adnexal pain/ pain in the uterine mobilization.
Data collection and procedures
A training session was organized for all investigators on the study procedures including the consent process and data collection. All women attending the study site received usual standard care provided by investigator midwife including patient interview and physical and gynaecological examination using a sterile bivalve speculum. Clinical information collected during physical and gynaecological examination were reported into the standard questionnaire.
Patients were referred to the laboratory of Hôpital Aristide Le Dantec for specimen collection. Following routine laboratory examination, samples were collected from the lateral and posterior vaginal fornix and endocervical canal according to standard laboratory procedures.
Vaginal swabs were used for the diagnosis of trichomoniasis, candidiasis, and BV. Wet mount microscopy examination at 40× power was used for the detection of TV. The test was considered positive if motile trichomonads were visualized. Candida species were detected by culture. The vaginal specimen was inoculated onto a medium containing Sabouraud agar with chloramphenicol and incubated for 24 hours at 37°C. The diagnosis of candidiasis was made if vaginal colonization by Candida spp. was associated with vaginal symptoms suggestive of vaginal candidiasis (itching or erythema). If the diagnosis was positive, Candida albicans (CA) was then identified using the serum filamentation test. Gram staining and scoring using Nugent criteria was performed for the diagnosis of BV. The swab specimens were placed on a clean glass slide and then heat fixed by passing the glass slide over the flame. The scoring system counts the individual morphotype frequency, and a Gram stain score of 7 to 10 was considered positive for BV.
The endocervical swab was used for the diagnosis of CT and NG. The diagnosis was performed using nucleic acid amplification tests (NAATs) with the Cepheid Xpert CT/NG Assay. 8 The assay detects the DNA of CT and NG, and the test is performed using a modular cartridge-based platform to testing each specimen by nucleic acid amplification. Chlamydia trachomatis and NG were diagnosed by a positive result on the test. The endocervical swab was also used to investigate the presence of Mycoplasma hominis (MH) and Ureaplasma urealyticum (UU) by culturing in liquid medium using the Mycoview kits (Zeakon Diagnostics, France) 9 according to manufacturer's recommendations.
Vaginal infection was defined according to the laboratory findings if at least one of the 3 following pathogens was reported: TV, Gardnerella vaginalis, or CA. Cervical infection was defined as the presence of at least one of the following pathogens based on laboratory results: CT, NG, or genital Mycoplasma spp. (MH and UU).
Statistical analysis
Data analysis was performed using SPSS. A descriptive analysis of patient characteristics was conducted with the participant sociodemographic data. The prevalence of infection with each aetiology was calculated with its 95% CI based on the women with laboratory-based diagnoses of infections and excluding Diadhiou et al 3 missing data. Risk factors were analysed through sociodemographic, obstetrical, and behavioural data and evaluated using bivariate and multivariate analyses, including odds ratios (ORs), 95% CIs, and P value.
Ethical considerations
Eligible patients were informed by investigators about the study objective and assessment process and were invited to participate in this study. Before enrolment of the patient, a written informed consent form was signed by both the investigator and the patient. A standard anonymous standardized questionnaire was then administered to participant. 
Results
Over the course of 3 months, 3186 consecutive women attending outpatient gynaecological services were screened. Of these, 434 met the inclusion criteria; 328 women were enrolled, out of whom 52 were excluded because of missing laboratory tests (Figure 1 ).
The distribution of characteristics among the women is shown in Table 1 . The mean age of the participants was 31.5 ± 7.4 years; 227 (82.2%) were older than 24 years, and the predominant age group was 25 to 34 years (47.5%). Many participants (60.9%) had fewer than 7 years of education; most of them (84.4%) were married, with 70.6% in a monogamous relationship. Slightly more than 30% of women reported not having had a sexual partner in the past 3 months, while 60 women (21.7%) reported having new sexual partner in the same period.
Aetiology of lower genital infections
Laboratory investigations of the vaginal and cervical infections revealed that overall, 69.6% of women had some aetiological diagnosis ( Table 2 ). The most common vaginal infections were BV (39.5%) and vaginal candidiasis (29%). Mycoplasma spp. were by far the most common pathogens causing cervical infections, with UU as the predominant agent (27.5%). Chlamydia trachomatis cervicitis was diagnosed in 13 (4.7%) of the 276 women, and NG infection was diagnosed in 3 (1.1%) women. The overall prevalence of vaginal infections 
Risk factors of vaginal and cervical infections
Sociodemographic, obstetric, and sexual behaviour data were used to determine the risk factors. A bivariate analysis was performed to investigate the association between these factors and vaginal and cervical infections. The results are displayed in Tables 3 and 4 . No significant differences were observed in the prevalence of vaginal infections for any potential risk factor except recent sexual intercourse. Women who had sexual intercourse in the past 3 months were nearly 2 times more likely to A multivariate analysis was then performed to identify the predictors of lower genital tract infections, using a stepwise logistic regression with the backward selection approach. All variables that were associated with cervical/vaginal infection in the bivariate analysis at P ⩽ .20 were included. After controlling for marital status and marital relationship (monogamy or polygamy), age, education, and sexual intercourse were factors associated with female genital infections ( Table 5 ). For example, women aged <25 years were 2 times more likely to have lower genital infections than those aged 25 years or older. Compared with women who were more educated and who had not had recent sexual intercourse, those with low education levels (<7 years education) and who had recent sexual intercourse 1.7-fold and 2.1-fold higher risk of female genital infection, respectively.
Discussion
The present prospective cross-sectional study of 276 women complaining of vaginal discharge conducted in the city of Dakar found that lower genital tract infections affected more than twothirds of the participants (69.6%). Younger age (less than 25 years), fewer years of formal education (fewer than 7 years), and recent sexual intercourse (less than 3 months prior) were independently associated with an increased likelihood of lower genital tract infections among women with vaginal discharge. The most common vaginal infection among symptomatic women was BV (39.5%). The prevalence of BV varies considerably among studies. One of the major concerns for epidemiological studies is the imprecise method of diagnosing BV (use of clinical criteria, Gram staining, molecular diagnostic methods, etc.). In one review of BV using data compiled from studies performed in multiple countries where the definition of BV was based on Nugent criteria, as in this study, the prevalence was as high as 30% in most of the studies from sub-Saharan Africa, ranging from 6.4% in Burkina Faso to 58.3% in South Africa. 10 In contrast, one previous study in Dakar found a very low BV prevalence of 1.4%. 6 However, it was a retrospective study based on laboratory data, while an aetiological diagnosis is made mainly in the case of presumptive treatment failure, which can reduce the vaginal colonization with bacteria that is strongly associated with BV. 11 Vulvovaginal candidiasis is a very common condition that affects up to 4 out of 5 women at least once in their lifetime. 12 This observation is supported by our finding that vaginal candidiasis caused by CA was the second most frequent infection, affecting 29% of the participating women; similar results were reported in previous studies in Senegal and other neighbouring countries. 5, 13, 14 Interestingly, STIs diagnosed by the syndromic management of women presenting with vaginal discharge were relatively rare in our study. We found a prevalence of 2.5% for TV, 4.7% for CA, and 1.1% for NG. The low prevalence of STIs in our study may result from the fact that most of the participants were married, in a monogamous relationship, and had no sexual partner or a single sexual partner. Sexually transmitted infections are more prevalent among younger women with multiple sexual partners. 1 In addition, wide use of the syndromic management approach, in addition to behaviour changes, can reduce the prevalence of symptomatic STIs, 15 which may be the case in our study population.
Mycoplasmas are bacterial agents that are found in the saprophyte state in humans; however, some of these species are associated with various health problems. 16 Ureaplasma urealyticum (27.5%) and M hominis (14.9%) were the most common pathogens causing cervical infections in this study; this finding is similar to those reported elsewhere. 17, 18 While the role of Mycoplasmas in adverse pregnancy outcomes, such as chorioamnionitis, spontaneous preterm labour, and preterm premature rupture of membranes, is increasingly being recognized, there is controversy concerning the need to treat these organisms based solely on their presence in the vaginal flora. 16 This current uncertainty may be the reason why these infections are not part of the World Health Organization (WHO) syndromic management guidelines for STIs. This also implies that local surveillance is needed to facilitate a better understanding of the role of Mycoplasma spp. in female genital infections.
The risk factor analysis identified the women at greatest risk for lower genital tract infections in this population and those who may benefit from particular attention from health care providers. Young women and those with lower levels of education were at increased risk for genital infections. These results are consistent with those observed by Francis et al 19 in Northwestern Tanzania. In contrast to other observations, 19, 20 our study was not able to identify positive associations between the presence of infection, multiple partners, and symptoms of urinary tract infections in partners. This is not surprising as these factors are mainly associated with STIs, and the prevalence of STIs was very low in our study.
In addition, some common behaviours in Senegalese women such as vaginal douching and the use of vaginal aphrodisiac unguents were not explored in our study. The normal vaginal microbiome is disturbed by feminine hygiene products, 21 and a relationship between vaginal douching and vaginal symptoms has been documented by some authors. 22, 23 These factors should be explored in future investigations.
One of the limitations of this study is that it was only conducted in public health facilities in the city of Dakar; thus, it cannot be considered representative of the general population as the results are likely to overestimate the observed prevalence. 
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Socioeconomic inequality has been found to be strongly correlated with STIs. 24 In private health sectors in Dakar, the cost of medical care is so high that the users are mainly people fully insured by private health insurance. Thus, the largest number of patients uses public health facilities, and the selection bias could have had a slight impact on the observed prevalence. Another factor is the selected population that was limited to women presenting with vaginal symptoms, which underestimates the prevalence of infections because most women in developing countries consider vaginal discharge normal.
Nevertheless, this study also had several strengths including the recruitment of participating women across multiple sites covering primary and tertiary health facilities and investigators experienced in the management of genital infections and the use of the recommended methods for laboratory-based diagnosis of lower genital infections. Thus, findings from this study could be applied to nonpregnant women living in urban areas, who present with vaginal symptoms and attend public health facilities. It further provides useful clinical and epidemiological information that could contribute to improving the quality of management of lower genital tract infections.
Conclusions
This study revealed a high prevalence of BV and vaginal candidiasis, which accounted for most of the lower genital tract infections observed, and suggests that health care providers should increase awareness of and communication regarding vaginal hygiene practices. Our findings also indicate that the 
